Objective: Invasive surgical interventions creating acute stress may give rise to immunological and hormonal disturbances in patients undergoing surgery. Previous studies reported elevations in serum prostate-specific antigen (PSA) level following coronary bypass and myocardial infarction. The current study aims to investigate the effect of surgical stress on serum PSA level.
INTRODUCTION
Prostate-specific antigen (PSA) is a serine protease from the family of human tissue kallikreins localized on the short arm of chromosome 19 (19q13.4) , and its physiological function involves the liquefaction of seminal coagulum (1) . PSA (Human kallikrein 3) is primarily expressed in the prostate acinar cells and ductal epithelium under androgen regulation (2) (3) (4) . Its occurrence rate in semen is approximately 100 times higher than in serum (2, 3) . PSA normally exists in the blood of men at low rates (<4 ng/mL), and it is mostly bound with protease inhibitors, except a small amount in the free form of serum PSA (fPSA) (2) .
Although PSA was first defined in the prostate in serum in 1970 (5) and in seminal plasma in 1971 (6) , PSA purification in the prostate tissue was first performed in 1979 (7) . PSA measurement in serum was performed in 1980 for the first time (8) , and the approval from the Food & Drug Administration (FDA) was received for its use in monitoring prostate cancer in 1986.
Although PSA was initially thought to be a specific marker peculiar to the males, it was demonstrated in the later studies that it was upregulated by steroid hormones in non-prostatic tissues both in males and females (3).
Subsequently, Bruchovsky and Wilson demonstrated dihydrotestosterone (DHT) as the main androgen in the prostate. They revealed that the prostate could be reduced without any decrease in the peripheral testosterone level; thus, finasteride therapy was developed (1) .
In some studies conducted to determine the effect of surgical stress on serum testosterone and PSA levels, there is some evidence that stress affects the secretion of some sexual hormones (9, 10) . Immunological and hormonal changes in patients are seen with invasive interventions that can lead to acute stress (9, 11, 12) .
In a study conducted on rats, it was found that there was a decrease in serum testosterone levels because of the stress that occurred after surgical intervention (9) . In another recent study, PSA measurements of 24 patients who underwent coronary bypass were performed during the first 6 days, and a statistically significant increase was observed in total PSA (tPSA) levels (13) . In some studies, it was detected that cardiovascular stress occurring after cardiovascular diseases such as cardiopulmonary bypass and myocardial infarction could cause fluctuations in PSA levels (14) .
In our study, the effect of surgical stress on early serum testosterone and PSA levels and the relationship between them were evaluated.
METHODS
The study included 33 patients who underwent open renal stone surgery, who did not have any moderate or severe lower urinary tract symptoms, and who did not undergo urethral catheterization. Patients who used 5 alpha-reductase inhibitor and/or testosterone preparations or other hormonal drugs; had a history of urogenital system malignancy, prostate surgery, cystectomy, or another pelvic surgery; and underwent prostate biopsy or colonoscopy due to any reason were excluded from the study. Of patients with high PSA levels, the ones whose prostate biopsy pathology was found to be benign were included in the study.
For all patients, fPSA and tPSA levels on the preoperative and postoperative 3 rd day, serum luteinizing hormone (LH), follicle stimulating hormone (FSH), f-and t-testosterone, C-reactive protein (CRP), sedimentation, fibrinogen, albumin, and ferritin levels were evaluated.
PSA, fPSA, testosterone, and LH levels of patients were measured using the radioimmunoassay technique with the device of the UniCel ® DxI 800 Immunoassay System (Beckman Coulter, Inc. California, USA). Written informed consents were obtained from the patients who participated in the study.
Statistical Analysis
The data obtained were analyzed using the Statistical Package for the Social Sciences (SPSS) (SPSS, Chicago, IL, USA) version 15.0 software. Preoperative and postoperative values were compared with Wilcoxon signed-ranks test. The value of p<0.05 was accepted to be statistically significant.
RESULTS
The mean age of patients who participated in the study was 53.9±8 (40-66) years. The preoperative values were found as follows: tPSA: 1.4±2.1 (0. 16-9.70 In the evaluation of the results, an increase in tPSA levels and a decrease in fPSA levels were observed in the early period after surgical stress. However, the differences were statistically insignificant. A statistically significant change was detected in t-testosterone and f-testosterone levels (p=0.006 and p=0.010, respectively). There was an increase in serum LH levels, but it was not statistically significant (Table 1) .
Although a significant increase was detected in CRP, fibrinogen, ferritin, and sedimentation levels, which are known as acute phase reactants in acute endocrine response after surgical intervention, a significant decrease was observed in serum albumin levels.
DISCUSSION
During stress response to trauma and surgery, various endocrine, metabolic, and immunological changes occur. This response and reaction is found as a series of autonomous, neuroendocrine, and metabolic responses. Stimuli from the surgical site activate the hypothalamic-pituitary hormone secretion and sympathetic system. Although they increase the release of catabolic hormones such as cortisol and catecholamines, they decrease the release of anabolic hormones such as insulin and testosterone (10) . LH is secreted from the anterior pituitary by gonadotropins (15) , and it plays a role in the release of testosterone from the interstitial Leydig cells of the testicle.
In the study of Janson et al. (11) that was conducted on students, it was demonstrated that a decrease in serum LH levels was observed with exam stress. Almeida et al. (16) found that the stress resulting from immobilization for 6 h in a day decreased serum LH levels by 29% and testosterone levels by 37% in Wistar rats during 60 days. Moreover, in the study conducted by Hajime et al. (12) , it was revealed that testosterone levels decreased in males under stress.
Ahmad et al. (9) performed a study on rats. They found that although a significant decrease was detected in serum LH and testosterone levels measured at the end of the 1 st and 2 nd weeks after surgical stress, serum testosterone levels decreased to the lowest level at the end of the 2 nd week in which surgical procedure was administered. On the other hand, Woolf et al. (17) detected a statistically significant decrease in testosterone and LH levels after stress. In our study, a significant decrease was observed in testosterone levels in the measurements performed on the 3 rd day after surgical stress, which was consistent with the literature. However, even if not significant, an increase was detected in serum LH levels.
After testosterone enters into the prostate cell, it is converted into DHT by 5 alpha-reductase, which is a nuclear enzyme. DHT binds to the androgen receptor (AR). Following the activation of the T+AR complex, PSA leads to biological behaviors such as prostatic alkaline phosphatase (PAP), secretion of growth factors, and apoptosis (15) . It is known that prostatic epithelial cells enter into apoptosis in the presence of decreased androgen levels (18) .
According to the study of Hassan et al. (19) , surgical stress prevented prostatic apoptosis and delayed prostatic involution in rats administered with androgen ablation. One of the important points is the effect of testosterone replacement treatment (TRT) on PSA levels. It was found that TRT caused minimal PSA increase (20, 21 Based on these studies, it is understood that the testosterone level affects the PSA level. Although the level of t-testosterone decreased significantly in our study, no significant change was detected in PSA levels.
In the study of Ahmad et al. (9), a higher rate of decrease in testosterone levels was detected at the end of the 2 nd week after surgical stress than the level measured at the end of the 1 st week. This suggested that a PSA change associated with the change in the testosterone level occurred after the 2 nd week in our study.
CONCLUSION
The detection of no change in serum PSA levels despite a significant decrease in testosterone levels in our study shows that PSA cannot be evaluated among acute phase reactants. This suggests that the measurements performed on the postoperative 3 rd day are an early period for the detection of PSA changes. Therefore, it is suggested that larger case series are needed for investigating the effect of surgical stress on PSA. Moreover, further studies that will evaluate testosterone and PSA levels both in the early period and in the late period after stress should be conducted.
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